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LONG-TERM GOALS

The long-term goal of this work was to develop and test methods to estimate currents and wind
direction from ATI SAR data at high-resolution (ideally, at the same resolution as the SAR image), and
thereby provide a high-fidelity surface current information in littoral and riverine environments.
Furthermore, these techniques were to be developed using technology suitable for operation from
UAVs.

OBJECTIVES

* Add an L-band and an X-band ATI SAR to our airborne platform.
» Collect multi-frequency ATl SAR data in a coastal environment where terrain and
vegetation are likely to affect wind forcing on the water surface.

= Develop a retrieval algorithm to estimate both surface currents and wind direction within the
domain imaged.

APPROACH

The approach was to extend the method used by Kim et al. [2003] to retrieve surface currents by
1) testing different combinations of microwave frequencies, 2) using a numerical model for the
Doppler bias due to sub-resolution gravity waves, and 3) using a least squares approach to estimate
and remove wave orbital motion. We also used the estimate of « and a model to retrieve wind direction
throughout the domain.



WORK COMPLETED

The specific tasks were:
(@) Install the L-band and X-band SIimSARs on the aircraft.
(b) Conduct a field experiment at the Deception Pass (WA) site.
(c) Process raw SAR data to form interferograms.
(d) Develop code for multi-frequency wind direction and surface current estimation.
(e) Present results at a conference

Additional task were:
(F) ASTER TIR and VNIR Imagery for CalWater2 Project (Jessup)
(g) Wave Averaged Infrared (C. Chickadel, APL-UW)

Tasks (a)-(c) and (e)-(f) were accomplished as proposed. Task (d) was modified to focus on
determining system errors from the SAR that was a necessary first step. Available funds were
expended before the code for the multi-frequency wind direction and surface current estimation could
be completed.

RESULTS

A comprehensive system error source analysis and calibration of an airborne along-track
interferometric FMCW SAR for ocean surface currents velocity retrieval was done. Starting with the
observed phase errors from a stationary test site, three major error sources were analyzed and possible
calibration approaches are derived. The range-dependent phase offsets were demonstrated to be
introduced by the phase imbalance between receive channels and receive antennas of the transceiver.
The phase undulations in the along-track direction were likely due to the uncompensated motion errors
caused by inaccurate aircraft attitude and velocity measurements. After calibration, most of the system
phase errors were removed which greatly improved the accuracy for surface velocity retrieval by ATI-
SAR. See attached IGARSS paper for details.

IMPACT/APPLICATIONS
The system error analysis will provide improved velocity estimates in future applications.
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Fig. 5: Antenna phase imbalance calibrated interferogram fo
a farmland area in WA, USA.

4. CONCLUSIONS

This study presents a comprehensive system error analysis of
an airborne FMCW ATI-SAR for surface velocity retrieval.

It summarized three major error sources that account for the
observed phase error and presented possible calibration ap-
proaches. Finally, after the proposed phase calibrations, the
phase error of the system can be reduced from 1.2 rad to 0.25
rad. Based on the imaging geometry of the system, this corre-
sponds to the reduction of the estimated surface velocity error
from 70 cm/s to about 14 cm/s, indicating a signi cant im-
provement in the accuracy of the surface velocity estimates
by ATI-SAR.
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